L'Aquila case study
The first week of aftershocks is not included in the calculation to avoid common incompleteness issues during the first few days following the mainshock.
Study region: 20 km radius circular area (proportional to the fault length -about 18 km, Chiarabba et al, 2009 ) centered on the mainshock epicenter.
A foreshock sequence started three months before the mainshock, activating a region of about 10 km length. Since the beginning of 2009, the seismicity migrated towards the mainshock nucleation point and was concentrated in a very narrow area in the last week. Papadopoulos et al. (2010) first described the foreshock signal in time (b-value decrease and rate increase) in the days before the mainshock, whilst De Gori et al. (2012) and Sugan et al. (2014) , mapping the b-value in the source region, observed the lowest values close to the small mainshock nucleation region. The foreshock signal in space and time b-value temporal evolution: maximum likelihood b-values (Aki, 1965 , red line) and standard uncertainty according to Shi and Bolt (1982, grey area) . The b-value of the background seismicity is rather stable (a). With the accelerating foreshock activity (increasing a-values), the b-value drops significantly, reaching its minimum of 0.66±0.05 just before the mainshock (C).
Following an initial increase and strong variation, the aftershock b-value stabilise and return to similar fluctuations around the value of 1, as already observed for the background activity. The continous time series below (a-c) show the evolution of the whole sequence for both a-value and b-value (window length of 100 events, moving event by event).
b-value dependent foreshock probabilities and risk assessment using cost-benefit-analysis
We compare the daily probability of a Mw6.3+ event for 3 models based on the Gutenberg-Richter model and 2 realizations of ETAS models: GR1-time-independent a-value and b-value, fixed to the background daily values GR2-background b-value combined with a time-dependent a-value. GR3-time-dependent a-value and time-dependent b-value. ETAS1-alpha fixed to beta=b*log(10) ETAS2-alpha is fixed to 0.6.
The daily probability for an Mw6.3+ event for GR1 is 0.002% For GR2 it follows the GR1 model through to the end of 2008 and then starts increasing until the mainshock occurs, reaching a value of 0.01%. The daily probability for the GR3 follows the b-value fluctuations; with the onset of the foreshock sequence, it increases, reaching a distinct peak of ~0.45% just prior to the mainshock, when the b-values are lowest. Just prior to the mainshock, we observe 0.005% for ETAS1 and 0.01% for ETAS2. 
Probability of exceedance 100 fatalities
We investigate whether the above probability increases over the long-term background, might,in retrospect, justify mitigation actions (e.g., evacuations) during the L'Aquila seismic sequence.
